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The ,w chromatographic behaviour tif G-C, alcohols and chloroform on 
Carbowas _po was studied in the range +SSS. The bqxxific retention volumes were 
deaermined, and the deviations from the e_xpected order of elutio’n were investigated 
ba- calculating the activity coefficients and the thermodyamic excess functions. The 
F&RY-H~XGISS theory was uss to evaluate the stdtistical contribution made by 
the mixing of mokuks of different S~ZCS, and the rmlts were interpreted on the 
basis of the theory of aswciatqd ideal solutions. The difference between the order of 
eMion of alcohols and the order of their boiling points was found to be due to 
diffeRnc= in their molecular volumes- On the other hand, the nature of the associ- 
ation IMween the alcohols and Carbowxx 400 is not very different from that of the 
associated bqecies in the pure alcohol sampIes_ The relative \-olatilities may therefore 
be predicted &om the FLORY-HUGGISS themy. 

Many authors have shown that it is pssible to interpret gas chromatog-raphic 
behaviour on a rherrnodynamic basis. In most ca_ws, the systems treated involved 
beak interaction9-*. The present article de& with the elution of substances forming 
hydxgen bonds, with special reference to prim-, secondary, and tertiary C,-C, 
alcohols- On Carbowas 400, the are eked in an order different from that predicted 
fmm their b&iing points, ’ which calls rbr a thermodynamic esplanation. 

The activity coefficients ~-ill be cakuIated, and the themlodynamic escesd 
functions determined. The contribution made b_v the mixing of molecules of Merent 
-tizes to the del-iation froth ideal kha\-ionr wiil be evaluated by the FLOR\--HUGGISS 

theor+“, and the thermcd~marnk behat-iovr will be interpreted w&h the aid of the 
theort_ of “assoc?ated ideal solutions-‘6. For the sake of comparison, the method wil1 
be applied aks to chloroform on Carhow3s qoo. 

* T&s wc.7rk was carriti 3~f wjth I&* ha=--: 
coaucin . 
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TABLE V 

Soh.uw2t Ap” AH* ASJ3 
izcal~molc IzcaElmoZc c.u. 

Carbon tctrachloriclc (3.5~Go”) 2.0-2.7 4-7 7-g 
Benzene -1.8 -4 -Q 
Methylene chloride -1.5 -3.5 -6 
Chloroform -1.4 -2.5 -385 
Carbowax 400 (58”) * -0.2 . HI f-2 

l The values of entropy and excess partial fret cncrgy arc corrcctccl for the effect of volume. 

This can be explained by assuming that the increasing interaction with the solvent 
compensates more and more for the endothermic effect of the rupture of the quasi- 
crystalline structure of the alcohol. dSn follows a parallel course, in accordance with 
the directional nature of the hydrogen bonds and the greater degree of order intro- 
duced by this into the solution. 

The investigation was extended to the chloroform-Carbowax 400 system in 
order to test the interpretation based mainly on the sign of the excess functions. 
The theory of associated ideal solutions predicts a negative sign for dpucorr,, AHE; 
and ~SWL in this case. The final state in the process (eqn. 8) is similar to that in 
the case of the alcohols. By contrast, the initial state is different, because the solute 
(chloroform) is not associated in the pure liquid state. In this case, the process is 
strongly exothermic, in agreement with the fact that a new bond is formed (AHE < 0). 
The sign of dSE and, u for$iori, of AS corF. is negative, since bond formation means a 
decrease in the number of degrees of freedom23. 

It appears from these considerations that the gas chromatographic behaviour 
of alcohols on Carbowax 400 can be predicted from the vapour pressures and the 
activity coefficients yrn obtained from eqn. 4. 

In this connection we calculated the volatility of the alcohols (with respect to 
that of ethanol), using the expression : 

acalc. = pym/;hf3-y7n,E ’ 

Where $J” and J?J~ are respectively the vapour pressure of the compound considered 

TABLE VI 

$Pc GPC 87°C 8PC 

ye, 
Methanol ‘, 
Ethanol 
I-Propanol 
2-Propanol 
.I-Butanol 
2-Butanol 

I a-Methyl-z-propanol 
2-WG%*-*T&n& 

I, 

a0dc. hp. ace acxp. acnlc. aOxp, acab. acxp. 

1.2j I.34 1.25 1.32 I.22 1.27 1.20 1.24 
I .oo 1.00 1.00 I.?0 1.00 1.00 1.00 1.00 

0.53 0.50 0.55 0.52 0.57 0153 0.59 o*55 
I .02 1.03 1.05 1.07 1.06 r.07 1.07 I .08 
- - 0.26 0.25 0.28 0.27 0.30 0.29 
- - 0.58 0.58 0,61 0.59 0.Q 0.61 
- -_ I.23 I.29 1.25 I.29 I.ZG I .2g 
_ - . ;I,z5% -3, 53 v =; 5:: ‘I s.* e. 66 e** 
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and that of ethanol, ym and 7na.E being tile corresponding activity coefficients, These 
data were compared with the experimental values: 

%%p. = ~r,l& 

where tr is the retention time of the sample and tY,E is the retention time of ethanol. 
The values listed in Table VI indicate a good agreement between theory and experi- 
ment. Since ANE and dScorr. are almost identical for all the alcol~ols studied, this 
hehaviour is to be expected. 0.. 
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